ABSTRACT
INTRODUCTION
There is limited information on how specific fatty acids affect calf performance. In previous studies specific fatty acids (butyrate, medium-chain fatty acids, and linolenic acids) incorporated into milk replacers (MR), starters, and growers have reduced scouring and improved ADG, feed efficiency, and hip width change in calves (Hill et al., 2007a (Hill et al., , b, c, 2009 Fokkink et al., 2009) .
Butyrate, linolenic acid, and the other longer chain fatty acids found in fish oil have numerous metabolically active properties. Each has a role in immune function (Saemann et al., 2000; Nancey et al., 2002; Zhao et al., 2007) and growth (Allen et al., 1985; Klein, 2002; Guilloteau et al., 2009) . Medium-chain fatty acids have antimicrobial and antiviral properties (Hristov et al., 2004) and enhance the responses to linolenic acid (Hill et al., 2007a) . Feeding fish oil, a source of other biologically active fatty acids, has not been reported to improve calf health or performance (Ballou and DePeters, 2008; Hill et al., 2009) .
Dietary linoleic and linolenic acid ratios are thought to be important for health and well-being of infants and adults, with ratios of less than approximately 10 being advantageous compared with ratios greater than 10 (Hu et al., 1999; Merchant et al., 2005; Liou et al., 2007) . High amounts of linoleic acid are considered problematic because linoleic acid is inflammatory and it interferes with the metabolism of linolenic acid to eicosapentaenoic acid, both antiinflammatory fatty acids (Liou et al., 2007) . Typical human and animal diets are high in linoleic acid because they contain large amounts of cornand soybean-based ingredients.
Because there is limited data on the effect of linoleic acid on calf performance and because of its high concentration in a typical calf diet, our objectives were to determine the effect of linoleic acid intake and concentration from typical ingredients on calf performance. Trials were conducted with milk replacers, starters, and grower feeds fed to pre-and postweaned calves. Our hypothesis was calves fed low linoleic acid diets would have greater ADG than calves fed high linoleic acid diets.
MATERIALS AND METHODS
In all 3 trials animals were cared for using acceptable practices as described in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999 
Trial 1
Forty-eight calves (initially 2 to 4 d of age, 44 ± 1 kg of BW, 17.7 ± 0.2 cm hip width, 2.2 ± 0.03 BCS), 12 per treatment, were fed a MR with 2 fat types and with (+N) or without (−N) NeoTec4 (Provimi North America, Brookville, OH) fatty acids in a 2-by-2 factorial arrangement. The fat types were A) all lard (all animal fat, typical of many MR fed to dairy herd replacement heifers) or B) a blend of lard, coconut oil, and Enhance (blend of fats, filtered soy lecithin plus soy oil from Solae, Fort Wayne, IN). The concentration of lard, coconut oil, and soy lecithin used in this MR is typical of several types of MR manufactured and fed to veal calves. This yielded 4 MR treatments: 1) A−N, 2) B−N, 3) A+N, and 4) B+N (Table  1 ). All MR contained 27% CP from all milk sources and 17% fat and were nonmedicated. Calves were fed the MR at 0.66 kg of DM daily (134 g/L dilution) for d 1 to 25 divided into 2 equal meals. On d 26 to 28, only the AM meal of MR was fed to facilitate weaning. All calves were fed a common textured calf starter (20% CP on DM basis; 37% whole corn, 35% supplement pellet, 25% whole oats, 3% molasses, without added soy oil, NeoTec4, and coconut oil) and fresh water ad libitum. Calves were fed the A−N MR for their first 2 feedings. At 1100 h the day after arrival, the calves were weighed (initial BW), blood was sampled from the jugular vein, serum was harvested, and serum protein concentration was immediately measured using an optical refractometer (ATAGO USA Inc., Bellevue, WA). Serum was frozen for later assessment of antibody titers. Calves were randomly assigned to treatment (d 0 of trial). The trial lasted 56 d.
The MR powders were sampled at the AM feeding daily and composited. Every second bag (22.7 kg) of starter feed was sampled and com- Table 1 . Calves were weighed initially and every 7 d until the end of the trial (d 56). Dry feed offered and feed refusals were weighed daily. Fecal scores were assigned daily based on a 1 to 5 system (1 being normal, thick in consistency; 2 being normal but less thick; 3 being abnormally thin but not watery; 4 being watery; 5 being watery with abnormal coloring; modified from Kertz and Chester-Jones, 2004) . Hip widths were measured with a caliper and BCS of calves were measured during the initial (d 0) measurement period and every 14 d thereafter. A 1 to 5 system using 0.25-unit increments with 1 being emaciated and 5 being obese was used for BCS (Wildman et al., 1982) . Scores were based on changes around the vertical and transverse processes of the spine as palpated by one experienced technician and ranged from 1.5 to 3.5. Body temperature was measured at 0, 2, 3, 4, 6, 8, 16, 24, 32 , and 48 h relative to a Pasteurella vaccine (Presponse HM) administered at 0800 h on d 35. Blood was sampled from the jugular vein; serum was harvested on d 49 and 56 and frozen. Serum titers to parainfluenza 3 (PI3) and bovine viral diarrhea (BVD) were measured from blood sampled on d 0, 49, and 56 by The Ohio State University Diagnostic Laboratory (Reynoldsburg, OH). A PI3 vaccine was administered on d 0 after the blood was sampled. A PI3 and BVD vaccine was administered on d 14 and again on d 35. The d-0 titers were used as a covariate in the analysis. The trial lasted 56 d and was conducted during the months of May to July. The average nursery temperature during the trial was 23°C, ranging from 9 to 36°C based on hourly measurements.
Data were analyzed as a completely randomized block design with repeated measures where appropriate by Proc Mixed in SAS (SAS Inst. Inc., Cary, NC). Day-0 serum titers were used as a covariate to analyze titers measured on d 49 and 56.
Trial 2
Starters were formulated to evaluate the interactions of including 0.5% NeoTec4 10 and 0 or 2% soy oil in 3 starters. Soy oil is frequently added at approximately 1.5 to 2.5% of the diet to reduce dust. Adding 2.0% soy oil provided about the same amount of linolenic acid to the diets as adding 0.5% NeoTec4 10 but increased the concentration of linoleic acid. Calves (n = 48; 16 per treatment, initially 46.0 ± 3.2 kg of BW, 18.9 ± 0.2 cm hip width, 2.4 ± 0.03 BCS) that were initially 3 and 4 d old were given free access to clean fresh water and 18% CP starter at all times. The 3 starter treatments were A) 0.5% NeoTec4 10, 0% soy oil; B) 0.5% NeoTec4 10, 2.0% soy oil; and C) 0% NeoTec4 10, 0% soy oil ( Table 2 ). The starters were similar in composition to those described in trial 1. All calves were fed 0.66 kg of DM of a 27% CP (all milk sources), 17% fat MR (all added lard, no added soy oil or NeoTec4) on d 1 to 25 divided into 2 equal meals. 
Trial 3
Ninety-six calves within 3 d of the same age were used. There were 24 calves per treatment (in 6 pens of 4 calves/pen, initially 73.2 ± 1 kg of BW, 21.5 ± 0.4 cm hip width, 2.3 ± 0.05 BCS). They were fed 4 textured growers: A) control, B) 0.25% Flaxtech (Virtus Nutrition LLC, Corcoran, CA), C) 0.5% NeoTec4 10, and D) 1.5% soy oil (Table 3 ). The 4 treatments were formulated to be isocaloric, isofat, and isonitrogenous and were similar to the starters fed in trials 1 and 2. The textured grower feeds were blended with 5% chopped grass hay (87% DM, 15% CP on a DM basis) at the time of feeding and offered free choice. Free-choice water was also offered. The trial lasted 56 d and started when the calves were 2 mo old. Calves were weighed initially and every 28 d thereafter. Body condition score (1 being thin and 5 being obese) and hip widths were measured initially and every 28 d thereafter. Two blocks (starting times) of 48 calves were used. The trial was conducted from June to September. No animals were sick or were treated for sicknesses or vaccinated during the 56-d trial. The calves had been fed 0.66 kg of DM/d of a 27% CP, 17% fat MR (as described in trial 2) and weaned at 4 wk of age. Calves also had been fed a 20% CP starter (DM basis; as in trial 1) and water ad libitum. The average temperature during the trial was 24°C (ranged from 13 to 35°C) based on hourly measurements. The 4 treatments were analyzed as a randomized complete block design with pen as the experimental unit. Block was starting time on the trial. Tukey's honestly significant difference test was used to separate treatment means.
RESULTS AND DISCUSSION

Trial 1
There were no differences in initial measurements, and results are shown in Tables 4 and 5. All MR offered was completely consumed. Main effects of fat type and NeoTec4 did not interact with each other, but week interacted with NeoTec4 (P < 0.05) for BW and starter intake. During the preweaning period, calves fed the blend of fat consumed more (P < 0.05) linoleic and linolenic acid than did calves fed the animal-fat MR (Table 5) . During the preweaning period, calves fed NeoTec4 consumed more (P < 0.05) linolenic acid than did those not fed NeoTec4. No performance measurements differed for fat type (Table 4) . Preweaning hip width change was greater (P < 0.05) for calves fed NeoTec4. Preweaning ADG tended (P < 0.06) to be greater for calves fed NeoTec4. Postweaning ADG, BCS change, and starter intake were greater (P < 0.05) for calves fed NeoTec4. Postweaning feed efficiency (gain to feed; P < 0.07) and hip width change (P < 0.06) tended to be better for calves fed NeoTec4. Over the 56-d trial, ADG, starter intake, feed efficiency, hip width change, and BCS change were greater (P < 0.05) for calves fed NeoTec4. Pre-and postweaning abnormal fecal score days and medical treatments were low (averaged less than 1 d/calf) for all treatments and did not differ. Rectal temperature was measured at 0, 2, 3, 4, 6, 8, 16, 24, 32, and 48 h relative to a Pasteurella vaccine administered at 0800 h on d 35 (Figure 1 ). Calves fed all animal fat had less (P < 0.05) increase in rectal temperature following vaccination than did calves fed the blend of fats. Calves fed NeoTec4 had less (P < 0.05) increase in rectal temperature following vaccination than did calves not fed NeoTec4. Calves fed NeoTec4 had higher (P < 0.05) titers to PI3 and BVD (Table 4) .
Trial 2
There were no differences in initial measurements, and results are shown in Tables 6 and 7 . Postweaning and overall, calves fed the starter with soy oil and NeoTec4 had more (P < 0.05) linoleic and linolenic acid intake than did calves fed a starter with only NeoTec4. Postweaning and overall, calves fed the starter with only NeoTec4 (A) had greater (P < 0.05) ADG than did calves fed the starter with soy oil and NeoTec4 (B) or starter with both NeoTec4 and soy oil (C). Body condition score change (averaged 0.2 per calf) did not differ among treatments. Medical and abnormal fecal score days (averaged 1.2 d/calf) did not differ among treatments.
Trial 3
Initial measurements did not differ (P > 0.05). Linoleic acid intake was greatest (P < 0.05) in calves fed soy oil (Table 8 ). Linolenic acid intake was least (P < 0.05) in calves fed the control diet. Calf ADG was greatest (P < 0.05) in calves fed NeoTec4 and least in calves fed soy oil (Table  8) . Hip width change was greater (P < 0.05) in calves fed NeoTec4 than in calves fed the control or soy oil diet. Hip width change did not differ between calves fed Flaxtech and NeoTec4. Body condition score change was greater (P < 0.05) in calves fed Flaxtech and NeoTec4 than in calves fed the control diet. There were no differences (P > 0.05) among treatments in feed efficiency, but calves fed NeoTec4 tended (P < 0.09) to have the best feed efficiency. In trials 2 and 3, calves fed diets with soy oil had the greatest intakes of linoleic acid and the lowest ADG. In trial 1, calves fed the blend of fats high in linoleic acid tended to have lower ADG than did calves fed allanimal-fat diets. Also, calves fed the blend of fats high in linoleic acid had a greater rectal temperature increase to the Pasteurella vaccine than did calves fed all-animal-fat diets. Metabolic functions have been limited and abnormal functions, including oxidative stress, accentuated when there was a high content of linoleic acid in the diet, possibly because diets high in linoleic acid have reduced the synthesis of eicosapentaenoic acid and docosahexaenoic acid from linolenic acid Liou et al., 2007) . Linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid are anti-inflammatory fatty acids in low concentrations in calf diets, whereas linoleic acid is an inflammatory fatty acid. Inflammatory fatty acids are associated with the body temperature increase (fever) and initiation steps in the immune reaction Liou et al., 2007) .
Conversely, calves fed NeoTec4, a source of linolenic acid, medium-chain fatty acids, and butyrate had the greatest ADG in each of the 3 trials and lower rectal temperature increase to the Pasteurella vaccine than did calves not fed NeoTec4. Feeder steers fed flaxseed, high in linolenic acid, had reduced serum tumor necrosis factor α and rectal temperature postlipopolysaccharide challenge compared with those fed a similar amount of animal fat (Farran et al., 2008 ). Zhao et al. (2007 reported tumor necrosis factor α to be lower in mononuclear cells of hypercholesterolemic patients consuming linolenic acid than in those (Saemann et al., 2000) . Puthpongsiriporn and Scheideler (2005) reported increased titers to standard vaccines when a greater concentration of linolenic acid was in the diet of chicks when linoleic acid was constant. A 17.1-to-1 dietary ratio of linoleic to linolenic acid yielded the lowest titer to Newcastle disease virus of the 4 ratios tested (17.1, 8.1, 4.1, and 2.1). Similarly, we observed increased titers to BVD and PI3 in calves fed NeoTec4 (8.0 or 8.1 ratio of linoleic to linolenic acid) compared with calves not fed NeoTec4 (13.0 or 17.2 ratio of linoleic to linolenic acid).
In the United States, calf MR are based on animal fats. Although only animal fats are added to the vast majority of MR in the United States, veal MR typically contain significant amounts of coconut oil and soy oil (via soy lecithin-based ingredients). Animal fats contain virtually no butyrate, medium-chain fatty acids, or linolenic acid. Diets consumed by fattening pigs and cattle are corn and soy based and account for the fatty acid composition of lard and tallow. Likewise, starter and grower feeds fed to calves less than 4 mo old are based on corn and soy and are low in these fatty acids. Overcoming the low intakes of butyrate, medium-chain fatty acids, and linolenic acid by supplementing these fatty acids likely explains the consistent increases in ADG and other performance measures and the reduction in scouring reported (Hill et al., 2007a (Hill et al., , b, c, 2009 Fokkink et al., 2009) .
Conversely, linoleic acid concentration of MR, starters, and growers is typically high. Adding more linoleic acid may be problematic, interfering with fatty acid metabolism, as reported by Liou et al. (2007) and previously discussed. Added fat has been reported to reduce intake and ADG in calves (Miller et al., 1962; Caffrey et al., 1988; Doppenberg and Palmquist, 1991) . Kuehn et al. (1994) reported reduced intake and ADG when roasted soybeans replaced soybean meal. Similarly, McCoy et al. (2003) reported reduced intake and ADG when an extruded soybean product replaced soybean meal in a starter. Bunting et al. (1996) reported no effect of adding various sources of oil to starters in hot and moderate weather. We are not aware of research in which added fats, oils, or oil-seed products have increased ADG.
Our hypothesis was that diets high in linoleic acid would reduce calf performance. In the starter and grower trials, calves fed high linoleic acid diets (from soy oil) had lower ADG than did calves fed low linoleic acid diets. In the MR trial, ADG was not altered by fat type, but calves fed MR high in linoleic acid (from soy oil) had a greater increase in rectal temperatures after a Pasteurella vaccine than did calves fed MR low in linoleic acid.
IMPLICATIONS
Addition of soy oil, high in linoleic acid, to calf starters and growers for calves up to 4 mo old reduced calf ADG. In the MR, soy oil caused a greater increase in the rectal temperature of calves after a Pasteurella vaccine. The addition of NeoTec4, a blend of butyrate, medium-chain fatty acids, and linolenic acid, to MR, starters, and growers increased ADG in all 3 trials. In the milk-fed calf, NeoTec4 caused a smaller increase in rectal temperature after a Pasteurella vaccine and increased serum titers of BVD and PI3 after vaccinations. 3 A 1 to 5 system, where 1 = emaciated and 5 = obese, modified from Wildman et al. (1982) and based on changes around the vertical and transverse processes of the spine as palpated by one experienced technician.
